In this review, we consider affective cognition, responses to emotional stimuli occurring in the context of cognitive evaluation. In particular, we discuss emotion categorization, biasing of memory and attention, as well as social/moral emotion. We discuss limited neuropsychological evidence suggesting that affective cognition depends critically on the amygdala, ventromedial frontal cortex, and the connections between them. We then consider neuroimaging studies of affective cognition in healthy volunteers, which have led to the development of more sophisticated neural models of these processes. Disturbances of affective cognition are a core and specific feature of mood disorders, and we discuss the evidence supporting this claim, both from behavioral and neuroimaging perspectives. Serotonin is considered to be a key neurotransmitter involved in depression, and there is a considerable body of research exploring whether serotonin may mediate disturbances of affective cognition. The final section presents an overview of this literature and considers implications for understanding the pathophysiology of mood disorder as well as developing and evaluating new treatment strategies. Neuropsychopharmacology Reviews (2011) 36, 153-182; doi:10.1038/npp.2010; published online 23 June 2010
INTRODUCTION

The Rise of Affective Neuroscience
Affective processing is fundamental to human behavior. All our actions and decisions occur in an emotional context, and therefore cognitive functions are colored by emotional state. Conversely, cognitive factors critically modulate affective responses; an obvious example being the effects of learning on social and moral emotions. In his influential book, Descartes' Error, Antonio Damasio (1994) argued that feeling is more fundamental than logical thought in understanding human behavior. In the ensuing 15 years, there has been a proliferation of studies exploring affective processing and interactions between affect and cognition, facilitated by the advent of brain imaging techniques that allow us to access emotional function directly. This is particularly crucial for basic emotional responses without direct behavioral measures. However, functional neuroimaging has revolutionized the study of all aspects of affective function, allowing us to measure brain responses to emotional information, and thus to develop brain-based models of affective cognition (Dolan, 2002) .
Affective Cognition
There is a rich literature in experimental animals exploring emotional function. Paradigms eliciting aversion, fear, and stress are at the heart of this approach and have provided valuable and sophisticated information about the neurobiology and neurochemistry of emotion. Many of these paradigms have been adapted for use in human studies. However, we will not review this area herein; rather we focus on the interface between cognition and emotion, a concept that we consider to encompass processing of emotionally salient information in contexts requiring cognitive evaluation to generate an appropriate response. Thus, we will discuss tasks in which emotional stimuli must be categorized, remembered, attended, or actively inhibited, but not tasks designed primarily to elicit emotional responses (eg, anticipatory anxiety paradigms). Some of these paradigms, particularly those with highly evocative stimuli, may also elicit changes in the emotional state; however, we will not focus on this aspect. We will use a neuropsychological organizing principle based on distinct tasks targeting different underlying processes to undertake a data-driven review of the burgeoning literature on cognitive processing of affective information. We will include studies of social and moral emotion, as well as categorization and affective bias tasks. Emotional decision making, often dependent on rewards and punishments, is a related area but will be explored elsewhere in this volume and therefore we will not review it herein.
Affective Function and Mood Disorder
Disturbance of affective cognition constitutes a core aspect of the symptomatology of many psychiatric disorders, in particular depression and anxiety. Although these disorders are characterized by various cognitive and emotional disturbances, impairments at the cognitive/affective interface may be most specific to mood disorder (Clark et al, 2009 ) and may represent the most plausible targets for psychological and pharmacological therapies. Arguments that affective cognition represents a central efficacy marker for antidepressant treatment are gathering momentum (Harmer et al, 2010) and represent a major theme in current biological psychiatry research. We will focus primarily on unipolar depression, although frequent comorbidity with anxiety (Gorman, 1996) and commonalities of symptomatology and treatment response indicate a strong case for considering the disorders together in a neurobiological context (Ressler and Mayberg, 2007) . Bipolar depression is a distinct disorder largely beyond our scope (see Phillips et al, 2008 for an excellent recent review).
Summary
In this review, we will consider the neurobiology of affective cognition, encompassing emotion recognition, categorization and bias, and social and moral emotion processing, which brings together these subcomponents in an ecologically valid context. Classic neuropsychological evidence will be discussed, pointing to core roles of the amygdala and ventral prefrontal cortex (PFC) in affective cognition. We will then consider the functional neuroimaging literature in healthy subjects, which elaborates the roles of these, and other, structures in affective cognition. There is a wealth of data in this area and our review, although inevitably selective, attempts to adopt a data-driven rather than a theoretically driven approach. The main aim of this article is to consider impairments of affective cognition in mood disorders, measured behaviorally and with neuroimaging. Finally, we consider the role of serotonin (5-hydroxytryptamine, 5-HT) in modulating affective cognition, which has important implications for understanding the pathophysiology of depression and mechanisms of effective antidepressants.
MEASURING HUMAN AFFECTIVE COGNITION
Fundamental Processes
Affective cognition, operationally defined as reflecting an interface at which emotional and cognitive processes are integrated to generate behavior, includes a number of important subprocesses. Thus, the perception and recognition of emotional valence is vital for many tasks. In some contexts, it is also important to label or categorize distinct emotions. There is also an important distinction between tasks in which emotions are explicitly the focus of cognition (eg, emotion identification) and tasks in which emotional content is irrelevant to behavioral response, or is designed to distract from cognitive processing. In the latter situation, optimal performance requires suppression of emotional response and the behavioral measure typically reflects how successful this suppression has been. In this section of the review, we will briefly introduce key paradigms used in the study of human affective cognition which incorporate these fundamental processes to different extents. Broadly, these can be divided into tasks using emotive images (or sounds), face processing tasks, and affective bias tasks. We also discuss social and moral emotion tasks which bring together all the subcomponents of affective cognition in a subtle nuanced context that reflects the true complexity of real-world affective cognition.
Processing of Emotional Images
Emotion perception tasks have been widely used with neuroimaging and typically involve viewing (or listening to) emotional material. For example, the International Affective Pictures Series (IAPS: Lang et al, 2008) are a set of pictures that have been extensively standardized using dimensional measures of valence and arousal and used to assess emotion perception in neuroimaging contexts. Some paradigms require subjects to make explicit judgments about the valence and/or intensity of the emotional content, thus tapping into emotion recognition, and to some extent categorization processes. Other paradigms require a nonemotional judgment, eg, asking subjects whether scenes are indoors or outdoors. In this review, emotional information is irrelevant to the decision, and a reaction time measure provides an index of whether subjects successfully suppress task-irrelevant emotional material. Paradigms with highly evocative stimuli (images, music, or film clips are all used) can also induce short-term changes in mood state and this represents an important confound to address. Ekman and Friesen (1971) proposed that six basic emotional expressions could be recognized across both species and cultural boundaries: happy, sad, fearful, angry, disgusted, and surprised; and they developed a standardized set of stimuli on the basis of these emotions. Tasks using these stimuli, or variants, have emerged as among the most widely used probes of affective cognition. Typically, these stimuli do not elicit discernible changes in the emotional state. The stimuli can be used explicitly to assess emotion labeling or categorization, asking subjects to determine which emotion is expressed. For example, a morphed face paradigm uses computer-generated mixtures of a basic emotion with neutral expression such that the emotional content varies from 0 to 100% in increments of 10% . Subjects are asked to identify emotions at different levels of intensity, providing an index of sensitivity. Again, these stimuli can also be used in covert paradigms in which subjects are asked to perform a task that does not depend on emotion recognition (such as gender identification), in which it is likely that suppression mechanisms are tapped.
Face Processing Tasks
Memory and Attention Bias Tasks
There is an extensive literature studying the effects of emotional valence of stimuli on 'cold' cognitive processes, particularly memory and attention. Memory bias tasks may study recognition or recall, explicit or implicit memory, as well as memory for faces, pictures, words, or other stimuli; however, the core feature is that stimuli have emotional valence. Typically, tests compare memory for positive, negative, and neutral stimuli, although some studies use only positive or negative valence. One example is the classic task of Cahill and McGaugh (1995) involving two stories with almost identical structures, but very different emotional content. Recall for the two versions of the story provides an index of emotional modulation of memory.
Attentional bias paradigms are usually adaptations of classic attention tasks to include an emotional component. Typical examples are emotional Stroop paradigms (in which subjects must name the color in which words, some of them emotional, are written), dot-probe paradigms (in which subjects must detect a target dot as quickly as possible, with emotional and neutral stimuli used to bias attention toward or away from the subsequent dot location), and affective Go/No-Go tasks. Different affective Go/No-Go tasks can involve facilitation of response to emotional targets, suppression of response to irrelevant emotional distracters, or (most typically) a combination of the two (see Figure 1 ).
Social and Moral Emotions
The tasks described above tap into the core components of affective cognition in different ways and may probe important mechanisms underlying mood disorders. However, it is important to recognize that real-world affective cognition is typically more complex than anything we assess in the experimental setting. Affective cognition is at the heart of successful social function, which is compromised in psychiatric disorder. To function socially depends on emotion recognition, categorization, attention, suppression, and memory, and therefore more complex social and moral emotion paradigms that tap into these processes are crucial models of real-world affective cognition. Moral emotions are cognitively multifaceted (Eisenberg, 2000) and entail complex causal attributions (Weiner, 1985) , such as who caused an outcome. Sometimes they are referred to as 'social' emotions, because they depend on social interactions. However, one could argue that basic emotions are also 'social' emotions, and we therefore prefer the term 'moral' emotions to stress the fact that, in contrast to basic emotions, they motivate morally appropriate behavior. Moral sentiments enable people to overcome self-interest and benefit other people directly (eg, giving money to a beggar) or to follow or enforce moral rules and values that benefit society as a whole (eg, engaging in paper recycling). There is evidence for transcultural ubiquity of moral emotions (Fessler, 1999) , but the exact actions and values for which we feel a certain moral emotion such as guilt greatly varies across sociocultural groups and individuals (eg, engaging in paper recycling is only just emerging as a widespread moral rule across the world). Individual differences in proneness to certain moral emotions, such as guilt (O'Connor et al, 1997; Tangney, 1990) and shame (Tangney, 1990 ) have been classically measured using self-report questionnaires. Moral emotions can also be experimentally induced either in response to verbal descriptions or pictures of specific interpersonal behavior or by verbal descriptions of acting counter to or in accordance with abstract social values (Zahn et al, 2009b) . Having induced feelings by using such pictures or sentences repeatedly, participants are asked to pick a label among several alternatives that best describes their feeling Zahn et al, 2009b) . More recently, shame proneness has been measured implicitly (Rusch et al, 2007) circumventing social desirability biases classically encountered in self-report measures.
Red
NEUROPSYCHOLOGICAL STUDIES OF AFFECTIVE COGNITION
Neuropsychological studies have been a fundamental component of developing models of nonaffective cognition. Our understanding of memory and language, eg, are infinitely richer for the many neuropsychological studies with amnesic and aphasic patients, and highly sophisticated models and theories have been derived from this research. However, neuropsychology has provided far less information about emotional processing and affective cognition, largely because of the rarity of lesions with selective effects on affective processing. Although rare, two specific types of lesion have been associated with disruptions of affective cognition: ventromedial prefrontal cortex (VMPFC) and amygdala lesions.
Ventral Frontal Lesions and Affective Cognition
The seminal neuropsychological case from an affective processing standpoint is Phineas Gage who suffered VMPFC damage in 1848 and was reported to show emotional and social changes in the absence of significant cognitive impairment . More modern patients with orbitofrontal cortex (OFC) lesions have also been described Stuss et al, 1986; Cicerone and Tanenbaum, 1997) , and social impairments dependent on emotional functions are commonly reported. Experimental studies of ventromedial patients have identified core deficits in reward-and punishment-guided decision making (Bechara et al, 1994; Rogers et al, 1999; Clark et al, 2008; Moretti et al, 2009) , hypothesized as reflecting impairments in social and emotional decision making (Clark et al, 2008) . However, there have been few explicit studies of affective cognition in ventromedial patients using paradigms discussed in this review, other than in the social and moral domains. Mah et al (2004) reported impairments in using social cues to make interpersonal judgments. ShamayTsoory and Aharon-Peretz (2007) assessed the performance of ventromedial patients on a social task, using stories with varying emotional content. They found that patients were specifically impaired on understanding stories as affective content increased. Shamay-Tsoory et al (2009) suggest that more cognitive aspects of empathy are differentially sensitive to ventromedial lesions, whereas emotional aspects depend on the inferior frontal gyrus.
Moral emotions have also been shown to be particularly sensitive to ventral frontal lesions; changes in moral attitudes, character, and behavior have been classically observed (Eslinger and Damasio, 1985; Welt, 1888) . Ventral frontal lesions have been shown to decrease the ability to feel embarrassment (Beer et al, 2006) and regret (Camille et al, 2004) . Patients with ventromedial frontal lesions (including the frontopolar cortex) decide less 'emotionally' and more 'rationally' in hypothetical moral dilemmas. For example, they would decide to push an innocent man to death on the tracks of a runaway trolley to save five other individuals more often than would controls (Ciaramelli et al, 2007; Koenigs et al, 2007) . One explanation for this finding is that emotional moral decisions depend on the VMPFC, and when this is damaged, the cognitive dorsal frontal system can more easily enforce rational moral decisions that lead to overall greater moral benefit (Greene et al, 2004) . Another explanation, supported by recent fMRI evidence (Kedia et al, 2008; Moll et al, 2007; Takahashi et al, 2004; Zahn et al, 2009a, b) , is that VMPFC is necessary for the expression of sympathy and guilt more than for other critical feelings, such as indignation or moral anger.
Moral emotion deficits are not unique to patients with ventromedial lesions. Patients with lesions to mesolimbic and basal forebrain regions may also exhibit morally inappropriate behavior (Moll et al, 2005) . Neurodegeneration of the anterior temporal and ventral frontal lobes are common causes of morally inappropriate behavior and lack of emotional concern (Bozeat et al, 2000; Edwards-Lee et al, 1997; Mendez et al, 2005; Neary et al, 1998) . Neurodegeneration of the right anterior temporal lobes was independently associated with morally inappropriate behavior and lack of empathy (Liu et al, 2004; Rankin et al, 2006) .
Amygdala Lesions and Affective Cognition
Focal damage to the amygdala in humans is extremely rare, although amygdalectomy has historically been used in the treatment of both intractable epilepsy and extreme aggression (Narabayashi et al, 1963) . Patients with amygdala damage can recognize faces and generate a normal range of facial expressions (Anderson and Phelps, 2000) . However, they have deficits in tests of facial emotion recognition (Adolphs et al, 1994 (Adolphs et al, , 1999 . Patients who were shown fearful faces generated significantly lower ratings of the fear expressed than did controls. This finding generalized to other negative emotions to some extent, but not to happiness (Adolphs and Tranel, 2004) . Patients also showed impairments in interpreting expressions of social emotions such as guilt (Adolphs et al, 2002) and in complex social judgments based on facial expression (eg, how trustworthy the person was) (Adolphs et al, 1998) . These findings suggest that the amygdala has a critical role in face emotion processing, perhaps by controlling response in posterior perceptual regions (Vuilleumier et al, 2004) . Gosselin et al (2007) reported a case study of a patient with amygdala damage who was impaired at recognizing scary and (to a lesser extent) sad music, suggesting that the amygdala's role in emotion recognition extends beyond evaluating face information, or even information from the visual domain. A recent study strikes a further note of caution in interpreting these findings in terms of a fundamental role for the amygdala. Philippi et al (2009) used sophisticated imaging techniques to identify damage to white matter association tracts in brain-injured patients and reported that these tracts are critical to emotion recognition, even in the absence of focal amygdala damage.
Studies of patients with amygdala lesions have also shown that emotional memory is compromised. Hamann et al (1997) showed that a group of amnesic patients with varying lesion types presented mild-to-moderate memory deficits on measures of verbal recall, but still showed enhanced recall of emotional versions of the Cahill story task. By contrast, memory for the emotional story was selectively disrupted in patients with bilateral amygdala damage and spared hippocampus (Adolphs et al, 1997; Markowitsch et al, 1994) . Boucsein et al (2001) reported that the extent of amygdala damage related to degree of impairment in an emotional associative learning task. Further evidence suggests that specifically left lateralized damage abolishes the normal enhancement of verbal memory by emotional valence (Buchanan et al, 2001; Edith Frank and Tomaz, 2003) whereas the right amygdala may mediate a similar effect for visual information (Markowitsch, 1998) .
Summary
Neuropsychological studies indicate that the amygdala has a central role in emotion recognition and categorization, as well as emotional biasing of memory. Deficits in these processes may also contribute to higher-order social emotional deficits, such as impaired empathy and theory of mind (Stone et al, 2003) . Patients with VMPFC damage do not appear to show deficits in basic affective cognition (although there is a paucity of empirical data), rather their impairments are in the social emotional domain. Although our understanding of affective cognition derived from neuropsychology lacks the sophistication of models in cognitive domains such as memory, evidence suggests that the amygdala, VMPFC, and the connections between them are crucial. Functional neuroimaging provides a tool to test and develop this hypothesis.
NEUROIMAGING OF NORMAL AFFECTIVE COGNITION
Emotional Images and Music
Emotional pictures and film clips have been used to study emotion perception from the early days of functional imaging. Lane et al (1997) reported that both pleasant and unpleasant IAPS pictures were associated with enhanced blood flow in regions, including the medial PFC and thalamus. Pleasant emotion additionally activated a part of the caudate. Unpleasant emotion additionally activated the parahippocampal gyrus, hippocampus, and amygdala. Film clips elicited similar patterns of response (Paradiso et al, 1997) .
Recent studies have explored responses to emotional pictures in greater detail, to develop a more sophisticated understanding of the neuronal basis of emotion perception (see Phan et al, 2002; Wager et al, 2003; Sergerie et al, 2008 for reviews). Many studies focus on the role of the amygdala in perception of both negative Stark et al, 2007) and positive (Garavan et al, 2001; Kensinger and Schacter, 2006) emotions. Regions specific to positive and negative valence have also been identified, in particular roles for the ventrolateral prefrontal cortex (VLPFC) (Kensinger and Schacter, 2006) and insula (Anders et al, 2004; Lewis et al, 2007) in response to negatively valenced pictures and words. Viinikainen et al (2010) explicitly explored correlations between subjective valence ratings and brain responses to positive and negative pictures (an explicit recognition and labeling task). Response in a number of regions correlated positively with valence ratings of unpleasant pictures, and response in partially overlapping regions correlated negatively with ratings of pleasant pictures, suggesting that the relationship between rating valence and BOLD response is a complex one. Furthermore, in a debate largely beyond our scope, it has recently been suggested that valence and arousal interact in critical emotion-processing regions Nielen et al, 2009) .
Happy and sad music provide auditory analogs to positive and negative pictures, respectively, and fMRI studies also implicate emotion-processing regions in subjective response to emotive music (Brattico and Jacobsen, 2009 ). Koelsch et al (2006) reported that unpleasant (dissonant) music evoked response in the amygdala, hippocampus, parahippocampal gyrus, and temporal poles. By contrast, pleasant music evoked responses in regions, including the inferior frontal gyrus and ventral striatum. Similarly, Green et al (2008) reported that sad melodies were associated with increased activity in the left parahippocampal gyrus, bilateral ventral ACC, and left medial PFC. As all good film directors know, combining music and visual information can provide a more powerful emotional stimulus than either in isolation. Congruent emotional music enhances response to affective pictures in the amygdala, hippocampus, insula, striatum, and ventral (Baumgartner et al, 2006) . Indeed emotional music combined with affectively neutral pictures is associated with enhanced response in these regions compared with music alone (Eldar et al, 2007) .
Studies using evocative images or music are likely to confound emotion recognition/labeling and subjective experience of emotion. For example, Mitterschiffthaler et al (2007 reported fMRI responses to happy and sad music that were specifically associated with transiently induced happy and sad mood, respectively. Therefore, understanding the neuronal basis of emotion recognition in these rich contexts involves disambiguating recognition from subjective experience. Reiman et al (1997) used either film clips or personal recall to generate emotional response and found that internal and external generation of emotion depended on subtly different brain regions. A more direct attempt to separate perception of emotional content from subjective experience of emotion found that amygdala response was specific to perception, whereas hippocampal and prefrontal responses were associated with subjective experience (Garrett and Maddock, 2006) .
Face Processing Tasks
Imaging studies of affective cognition have relied heavily on measuring responses to emotional faces, often using the Ekman stimuli. In general, emotional faces elicit enhanced response in the limbic, frontal, and visual cortical regions compared with neutral faces (Haxby et al, 2002; Ishai et al, 2004; Vuilleumier et al, 2001 Vuilleumier et al, , 2004 Winston et al, 2003) . One major avenue of enquiry has been the extent to which neuronal responses to different emotions can be distinguished. The literature is inconsistent, and at times contradictory, and in this review, we highlight some findings of interest rather than trying to give a comprehensive review. Amygdala response to fearful faces has been widely reported (Whalen et al, 2001) , with increasing intensity of fearful expression resulting in increasing activity (Morris et al, 1996) . Fearful faces also elicit response in the thalamus, ACC, and anterior insula (Morris et al, 1998) . Angry faces elicit responses in the temporal cortex and PFC, including the ACC (Blair et al, 1999; Sprengelmeyer et al, 1998) . Sadness, by contrast, elicits right-sided temporal lobe and amygdala responses (Blair et al, 1999) . Disgust is associated with response in areas of the basal ganglia (Posamentier and Abdi, 2003) and reliable response in the insula, correlating with increasing intensity of disgust (Phillips et al, 1997) . Increasing intensity of happiness has been associated with decreasing amygdala response (Morris et al, 1996) . Of the six basic emotions, surprise is the least investigated and has distinct qualities. In particular, surprise can be described as a 'transitory emotion'; it is briefly experienced and changes into other expressions depending on the nature of the surprise (Posamentier and Abdi, 2003) . Kim et al (2003) investigated brain responses to surprise in relation to valence ratings; negative ratings of surprised faces elicited the right amygdala response, whereas positive ratings were associated with signal changes in the ventral PFC.
Recent studies have explored neuronal responses to emotional faces in more subtle ways, particularly in the context of fearful faces wherein amygdala response tends to be most reliably observed. Studies have focused on how interconnections between regions may critically subserve face emotion processing (Vuilleumier and Pourtois, 2007) , using connectivity modeling techniques (Fairhall and Ishai, 2007; Ge et al, 2009; Goulden et al, 2010) . For example, Fairhall and Ishai (2007) reported that coupling between the fusiform gyrus and the amygdala during face recognition was enhanced by fearful emotion. Meanwhile, Stein et al (2007) reported that responses to fearful and angry faces were associated with reciprocal connections between the amygdala and the ventral cingulate and also connections between the amygdala and the OFC.
There are also several studies exploring which aspects of face emotion are critical in determining neuronal response. In particular, studies of fearful face processing have focused on the importance of the eyes in conveying fear information, and amygdala response to fearful faces has been related specifically to directing gaze toward the eyes (Gamer and Buchel, 2009) . Finally, there is increased evidence that exact cognitive and attentional demands of a task may be critical determinants of response to emotional faces. The pattern of response to faces depends on whether tasks require overt or covert processing of emotion . Concurrent cognitive activity also has a critical role. Pessoa et al (2005) varied the difficulty of a central attentional task to explore how responses evoked by emotional faces depended on this manipulation. Amygdala responses to emotion were stronger during a gender identification task (when faces were attended) than during a bar-orientation task (when faces were unattended). Similarly, Silvert et al (2007) showed that emotional processing of unattended peripheral faces in the amygdala depended on the attentional demands on the main task, ie, the more demanding the task, the less the amygdala response. Brassen et al (2010) also reported suppression of amygdala response to faces as attentional resources were diverted elsewhere, and in this study, the effect was specific to fearful faces. These studies emphasize the importance of the interaction between emotional and cognitive factors and suggest a possible explanation for discrepancies in the literature, as they indicate that different face tasks will differentially engage emotional regions. In particular, the studies suggest that overt categorization of emotion is likely to engage emotional-processing regions differently from covert tasks. Thus, responses to emotional faces can only be understood in the context of specific cognitive demands.
Affective Bias (Memory and Attention)
A number of studies have introduced a post hoc memory component to emotion perception and recognition tasks. Thus, Canli et al (2000) reported that amygdala response to emotionally intense negative scenes was predictive of subsequent recall. Mickley Steinmetz and Kensinger (2009) showed that subsequent memory for negative or high arousal information was associated with occipital and temporal activity, whereas memory for positive or low arousal information was associated with frontal activity. Emotional biasing of memory can also be studied more directly using versions of classic memory bias tasks. Retrieval memory for emotional compared with neutral pictures is associated with enhanced response in the anterior temporal cortex and amygdala . In a more subtle design, Smith et al (2004) showed that the neural basis of memory for neutral pictures was modulated by the emotional context in which they had been encoded, an incidental task in which emotional content is not the focus of cognition. Again, the amygdala and OFC were critical regions. Kuchinke et al (2006) examined PFC responses to word recognition. Emotional words were better remembered, associated with differential responses in subregions of the PFC. The right VLPFC correlated with correct retrieval of negative words, whereas the right VMPFC and OFC showed enhanced responses to positive words. Recall of faces is also modulated by emotion (Sergerie et al, 2007; Satterthwaite et al, 2009 ). Connectivity techniques have been used to examine mechanisms of affective modulation of memory in more detail. Smith et al (2006) showed that retrieval of emotional information depended on enhanced connectivity from the hippocampus to the amygdala. When retrieval of emotional material was relevant to current behavior, enhanced connectivity between the amygdala and the hippocampus was bidirectional and modulated by OFC. This study shows the importance of contextual relevance of emotional modulation of memory.
Emotional biasing of attention has also been studied using fMRI. Whalen et al (1998) reported preferential response of the ventral ACC to emotionally toned words in an emotional Stroop paradigm. More recent studies have reported enhanced ACC response specifically to positive words, and further, have related enhanced ACC response to the personality trait of extraversion (Canli et al, 2004; Haas et al, 2006) . Etkin et al (2006) also highlighted a role of the rostral ACC in emotional Stroop performance, suggesting that the critical function of this region is in resolving emotional conflict. Emotional Stroop tasks require subjects to inhibit responses to emotional valence, and therefore these studies explore the neuronal basis of incidental processing of emotional valence, or a relative failure to inhibit emotionally salient information. Using an affective Go/No-Go task, Elliott et al (2000) also identified the ventral ACC as a critical area for modulating emotional biasing effects on cognition, a finding corroborated by a recent study (Chiu et al, 2008) . Another study of healthy adults that used a Go/No-Go task with affective facial expressions as cues found slowed responses to fearful expressions that were associated with amygdala activation and difficulty in inhibiting responses to happy faces that was inversely related to caudate nucleus activity (Hare et al, 2005) . These affective Go/No-Go studies require subjects both to attend and to categorize emotional content to identify targets and also to inhibit emotional response to nontargets. In a more complex face Go/No-Go design, considering interactions between emotional context and stimulus valence, Schulz et al (2009 reported valence-dependent response in the amygdala, insula, and posterior midcingulate, and an interaction between inhibition and emotion in the right inferior frontal gyrus and left posterior insula.
Social and Moral Emotion
As discussed above, social and moral emotion tasks bring together the subprocesses tapped by the tasks above, involving recognition and categorization of emotion, attention to relevant attentional cues, inhibition of irrelevant emotional cues, and memory of previous emotional contexts. Early fMRI investigations of moral emotion have contrasted activation in response to passive viewing of morally relevant vs morally irrelevant pictorial (Moll et al, 2002) or verbal materials (Moll et al, 2002) . A neural network of the anterior ventral frontal/frontopolar cortex, the anterior temporal lobe, and the posterior superior temporal sulcus was selective for morally relevant materials. Activations were observed in this network irrespective of task demands: explicit moral evaluation (deciding whether morally right or wrong; Moll et al, 2002) or passive viewing (Berthoz et al, 2002; Moll et al, 2002) . Frontopolar foci of activation were similar across studies (Greene et al, 2001; Heekeren et al, 2003; Moll et al, 2002) . Another approach has been to investigate specific moral emotions, such as guilt or indignation. In this study, we focus on functional imaging studies of guilt which are particularly important for understanding melancholic depression and wherein some consistency across studies is emerging. The first neuroimaging study of guilt revealed ACC activation dorsally to the genu of the corpus callosum (Shin et al, 2000) . Subsequent studies have shown frontopolar activation most consistently and when comparing against different control conditions (Kedia et al, 2008; Moll et al, 2007; Takahashi et al, 2004; Zahn et al, 2009b) , including equally unpleasant feelings while blaming others: indignation/anger toward others).
When modeling the effect of individual differences in guilt proneness (Zahn et al, 2009b) or empathic concern (Zahn et al, 2009a) , activation within the subgenual cingulate emerged as selective for guilt compared with indignation. As this region suffers from signal drop out in fMRI studies, it may be underreported when not using specifically tailored MRI protocols. In addition, the subgenual cingulate and the adjacent septal area were found to selectively respond when participants choose to donate to charities for which they feel compassion compared with a condition in which they gain money for themselves (Moll et al, 2006) . Subsequent studies have also found activations within the septal area including the septal part of the nucleus accumbens for donation behavior (Harbaugh et al, 2007; Hsu et al, 2008) and for trust in economic interactions (Krueger et al, 2007) . One hypothesis is that the subgenual cingulate and basal forebrain areas, such as the septal region, host-specific representations of affiliative punishment and/or rewards, and associated contexts which are hypothesized to be an integral part of feelings of guilt, sympathy, and altruistic motivations in general (Moll and Schulkin, 2009 ).
Summary: Neural Models of Normal Affective Cognition
We have briefly reviewed neuroimaging studies of affective cognition in healthy subjects. This review is far from exhaustive but emphasizes certain key points. First, it is clear that although the amygdala is a central structure in emotional processing (Costafreda et al, 2008) , the ACC and OFC are also critical substrates of the affective-cognitive interface. Second, it is evident that the exact demands of the tasks (whether emotion should be attended or ignored, degree of cognitive control required, etc.) are important factors in determining the extent to which these, and other, structures are engaged. Third, more recent studies emphasize the importance of connectivity approaches to understanding critical interactions between emotion and cognition (Pessoa, 2008) . Thus, it is not just region-specific responses of the amygdala, ACC, or OFC that are important, but rather the strength of connectivity between these regions, and their modulatory control of other regions. For example, modulation of amygdala-hippocampal connections seems to be a key substrate of emotional memory (Strange and Dolan, 2006) , whereas connectivity between the amygdala and the visual cortex is critical in emotion face perception (Vuilleumier and Pourtois, 2007 ) (see Figure 2 ).
Distributed neural connectivity underpinning affective cognition has formed the basis for recent neural models of emotion processing. Gross (2005, 2007) propose a model of the cognitive control of emotion that focuses on interacting bottom-up and top-down systems. The bottom-up system is responsible for emotional appraisal and centers on the amygdala and striatum. Meanwhile, the top-down system exerts cognitive or regulatory control and depends on prefrontal structures.
The authors distinguish two types of top-down controls: the dorsal PFC providing description-based appraisal and reappraisal and the ventral PFC providing outcome-based appraisal critical for learning associations between choices and consequences. Phillips et al (2003) proposed a similar model focusing on two systems. They hypothesized a ventral system involved in identifying emotionally salient stimuli, mediating autonomic responses and generating an emotional state. This system is mediated by the amygdala, insula, striatum, and ventral PFC (including the ventral ACC and OFC). Meanwhile, a dorsal system, including the hippocampus and dorsal PFC, is involved in cognitive control processes, such as selective attention and performance monitoring, as well as voluntary regulation of emotional states. Phillips et al (2008) have subsequently refined their model and have proposed that a lateral prefrontal system (DLPFC and VLPFC) may subserve voluntary aspects of emotional regulation, whereas a medial system (OFC, ACC, DMPFC) may subserve more automatic aspects. They proposed that both systems are active in normal regulation of emotions generated by emotion perception processes dependent on subcortical systems (such as the amygdala, striatum, and thalamus). Models of the interaction between emotion and cognition provide a basis for exploring disturbances associated with mood disorders. Although these models have proved valuable heuristics, they are typically based on conceptually driven reviews of selected aspects of the affective cognition literature. For example, Phillips et al (2003) explicitly proposed a model of emotion perception rather than affective cognition more generally. We adopted a datadriven approach in this review, and this broader review highlights important inconsistencies and limitations in the literature to date. In particular, apparently subtle variations in task demands can have significant effects on neuronal mechanisms. We suggest that it is premature to propose a comprehensive neuronal model of affective cognition on this basis.
AFFECTIVE DISTURBANCE IN MOOD DISORDER Introduction
The clinical picture. Anxiety and low mood are part of normal experience, typically in response to future threats and recent losses, respectively (Finlay-Jones and Brown, 1981) . Common forms of clinical depression and anxiety that evoke help seeking and treatment can be seen as excessive reactions to aversive experiences that prevent normal functioning. Indeed, recent psychosocial adversity (life events) often has a triggering role in timing the onset of depression, but mainly in the context of earlier psychosocial or familial vulnerability (Brown et al, 1987 (Brown et al, , 1995 Farmer and McGuffin, 2003) . Anxiety disorders and depression commonly coexist (Kessler et al, 2003) and anxiety symptoms often precede the onset of depressive symptoms and outlast them (Wittchen et al, 2003) . Twin studies suggest a substantial genetic overlap between depression and generalized anxiety disorder (GAD) (Kendler et al, 1992) , although other evidence suggests they are nevertheless distinct disorders (Beesdo et al, 2010) .
The core and required feature for a diagnosis of depression is low mood or sadness. However, loss of interest and inability to experience everyday pleasures (anhedonia), which can be more salient than sadness, is regarded as an equivalent to depressed mood. Anxiety symptoms include worry, apprehension, tension, and irritability (Fava et al, 2010) . Disturbances in homeostatic ('neuro-vegetative') functions include insomnia, loss of appetite, dangerously reduced fluid intake in severe cases, and loss of libido. Psychomotor inefficiency includes slowing of movement and thought, as well as loss of concentration. The content of depressive ruminations and preoccupations is neatly summarized by Beck's cognitive triad; the self is worthless, life is pointless, the future hopeless (Beck, 1967) . However, depressive cognition is not invariable; depression can be severe but experienced as undeserved suffering.
Vulnerability. Genetic predisposition accounts for 30-50% of the risk of depression and social factors such early life adversity (abuse, parental neglect) are important and interacting elements of vulnerability (Hill et al, 2001) . They influence brain development and personality in many ways that in turn increase the risk of depression. There is good evidence that cognitive and emotional personality styles antedate the onset of depression. Neuroticism is a personality trait of emotional lability with a strong genetic component, which greatly amplifies the risk of depression with increasing levels of life stress (Kendler et al, 2004) . Neuroticism is proving to be a useful personality dimension in understanding genetic and neurocognitive mechanisms of vulnerability to depression in drug-free nondepressed individuals (Chan et al, 2008 (Chan et al, , 2009 ). We recently reported that variation in the CNR1 cannabis receptor gene explained significant variance in neuroticism and disagreeableness scores and increased the risk of depression after life events (Juhasz et al, 2009) . It is clear that vulnerability involves many genetic and psychosocial factors each potentially contributing to various mood, anxiety, and personality disorders but if present together at critical periods, they combine to produce cognitive and neurochemical vulnerability to the state of depression.
Distinct cognitive and emotional styles may also outlast recovery to predict risk of relapse. For example, the Dysfunctional Attitudes Scale (DAS) assesses negative attitudes based on Beck's triad. High scores in remitted asymptomatic patients predict greater risk of recurrence and are associated with neurochemical changes (see below; Thase et al, 1992) . The tendency to ruminate and brood is another cognitive risk trait for relapse (Nolen-Hoeksema, 2000) . Cognitive therapy targets such abnormal thinking styles both in the treatment of depression and in the prevention of relapse.
Disturbances of Affective Cognition
Abnormalities of face processing. Deficits in identifying facial emotions have been consistently reported in depression (Feinberg et al, 1986; Rubinow and Post, 1992; Persad and Polivy, 1993) . Some studies have argued for a general decrease in sensitivity to emotional faces (Leppanen, 2006; Rubinow and Post, 1992; Mikhailova et al, 1996; Csukly et al, 2009; . More specifically, others have argued that depressed patients exhibit negative biases in identifying facial emotions; patients are more likely to interpret neutral faces as sad and happy faces as neutral, resulting in an overall negative bias compared with controls (Gur et al, 1992; Surguladze et al, 2004) . Using face emotion stimuli of varying intensity, Gilboa-Schechtman et al (2002) found that depression was associated with greater sensitivity to sad faces and greater response bias toward labeling faces as sad. By contrast, depressed patients had reduced sensitivity toward happy faces, needing more intense expressions to correctly label happiness (Joormann and Gotlib, 2006; Harmer et al, 2009 ). Coupland et al (2004) replicated this finding and showed that it correlated positively with anhedonic depression. Biased response to emotional faces has also been linked to the course of depression. The level of negative emotion perceived in schematic faces in a current depressive episode correlated with depression levels 3 and 6 months later and predicted subsequent relapse (Bouhuys et al, 1999) . Thus, depressed patients seem to show decreased sensitivity to emotional faces, but within that context, a negative bias. The effect observed experimentally may depend on task parameters.
Disrupted affective biases (attention and memory).
Depression has long been associated with a pattern of cognition biased toward negative information, with depressed individuals showing a tendency to remember negative items and to rate experiences or stimuli as more negative than do controls (Gur et al, 1992; Mogg et al, 1995) . Negative biases have been hypothesized to have a role in the etiology and maintenance of depression (Beck et al, 1979) and seem to be more specific to depression than many of the nonemotional cognitive deficits observed. Presented with lists of emotionally toned words, many studies have shown that depressed or dysphoric subjects preferentially remember negatively toned material (Dunbar and Lishman, 1984; Ruiz-Caballero and Bermudez, 1995; Bradley et al, 1995 Bradley et al, , 1996 Rinck and Becker, 2005; Direnfeld and Roberts, 2006) . Other studies have suggested that the negative bias observed in depression manifests itself as the absence of normal positive bias ( Ellwart et al, 2003; Gilboa-Schechtman et al, 2002; Harmer et al, 2009) . Still further studies have failed to demonstrate significant biases (Danion et al, 1995; Bazin et al, 1996; Banos et al, 2001) . One reason for these discrepancies is the nature of the tasks used. Barry et al (2004) argues that conceptually, rather than perceptually, driven tasks are more likely to elicit mood-congruent biases. Thus, biases are more likely when subjects perform a higher level of semantic processing (eg, word association compared with word-stem completion). Inconsistencies may also reflect subject characteristics, with 'patient' groups ranging from dysphoric students to severely depressed inpatients.
In addition to negatively biased memory in laboratory paradigms, overgeneral autobiographical memory has been repeatedly demonstrated in depression since it was first described by Williams and Broadbent (1986) . Depressed patients were significantly slower than controls to produce personal memories in response to positive cues, with no group differences in response latencies to negative cues. Lemogne et al (2006) reported a similar autobiographical memory impairment specific to positive events. However, in a meta-analysis of 14 studies of overgeneral autobiographical memory, van Vreeswijk and de Wilde (2004) found that depressed mood seemed to moderate the overgenerality of both positive and negative memory.
Although it was traditionally believed that negative biases in depression were seen for memory rather than attentional tasks, clear evidence has emerged suggesting that attention is also biased toward negative information (Gotlib et al, 2004a, b) . For example, depressed patients show elevated interference (reflected by slower reaction times) in response to negatively valenced words in an emotional Stroop task (see Gotlib and McCann, 1984; Segal et al, 1995; Broomfield et al, 2007; Williams et al, 1996 for a review). Using a different attentional paradigm (affective Go/No-Go), Murphy et al (1999) found that depressed patients were slowed compared with controls when responding to happy but not to sad targets, which represents a bias away from positive information. A similar pattern was subsequently observed in never-medicated patients (Erickson et al, 2005) . Mathews et al (1996) found depressed patients to have an attentional bias to socially threatening words using a dot-probe task, and Rinck and Becker (2005) found that depressed patients were more distracted by irrelevant depression-related words when undertaking a visual search task. Dot-probe tasks with emotional faces rather than words have also revealed negative biases in depressed patients (Gotlib et al 2004a, b; Joormann and Gotlib, 2007) . Some studies have failed to replicate negative attentional biases (Hill and Knowles, 1991; Neshat-Doost et al, 2000) ; however, as for the memory studies, the use of subclinical populations may be one significant cause of these discrepancies (Rinck and Becker, 2005) .
Impairments of social and moral emotion. Feelings of inadequacy, self-blame, worthlessness, and hopelessness are core, specific, and distinctive symptoms of severe depression. Cognitive-behavioral psychotherapy models of depression (Beck et al, 1979) , especially the revised learned helplessness model (Abramson et al, 1978) have pointed to the importance of this overgeneral self-blame. DSM-IV has included inappropriate feelings of guilt and worthlessness as characteristic symptoms of major depression with melancholic features (American Psychiatric Association, 2000) . Excessive feelings of guilt were the second strongest predictor (after appetite disturbance) for a positive family history of major depression in a large family study (Leckman et al, 1984) , and feelings of inadequacy or reduced self-worth in depression are seen across cultures (Sartorius et al, 1980) . Pathological feelings of guilt were observed only in subsets of patients. Similarly, another study found 75% of inpatients with major depression to feel severe worthlessness and only 20% to have high levels of guilt (Prosen et al, 1983) .
Whereas psychopathological interviews usually focus on self-reported feelings of guilt or self-reproach, more recent interest in shame as a depressogenic emotion has been raised by social psychologists. Both shame and guilt entail attributions of internal causal agency, but shame may be related to uncontrollable internal factors, such as character, whereas guilt in healthy people may be related to controllable internal causes (Weiner, 1985) . Janoff-Bulman (1979) has distinguished between characterological and behavioral self-blame (Janoff- Bulman, 1979 ) and pointed to the depressogenic importance of the former, but not the latter. Guilt has been operationally defined and measured mostly as an adaptive form of behavioral self-blame and shame as the characterological form of blaming oneself in a maladaptive manner (Tangney, 1990) .
Shame proneness, but not guilt proneness (as defined above), correlates with depressive symptoms in nonclinical populations (Tangney et al, 1992; Thompson and Berenbaum, 2006) . Bodily shame was shown to have an important role in people with childhood abuse and was associated with chronic and recurrent outcomes in depressive disorders (Andrews, 1995) . Perception of being externally shamed by others was correlated with depressive symptoms in a sample of patients with a clinical diagnosis of depression (Gilbert et al, 2009) . In a large clinical study of patients with current major depression guilt, but not shame, measures were associated with the severity of depression (Alexander et al, 1999) . In a comparably smaller clinical study in patients with major depression, both shame and guilt proneness were found to be increased (Ghatavi et al, 2002) . Other researchers have shown that certain forms of guilt when operationalized as taking responsibility for other people's misfortune, even when one had no direct causal agency (survivor guilt), are increased in patients with major depression (O'Connor et al, 2002) . Self-blaming tendencies in patients with major depression have also been demonstrated using a scale that includes items in which patients label their own feeling as 'guilt' or 'shame' (Berrios et al, 1992) . Taken together, there is evidence that both shame and guilt are increased in patients with major depression when measured on self-report questionnaires. A direct comparison of studies is difficult because of differences in measures and constructs used. Guilt proneness seems to be Impairments of Affective Cognition in Remitted Depression and Vulnerable Individuals Bhagwagar and Cowen (2008) suggested that studying unmedicated recovered depressed individuals could provide insights into trait abnormalities, which may underlie vulnerability to depression. This approach has gained considerable momentum in the last few years. Leppanen (2006) reviewed the literature on negative cognitive biases in remission and commented that although some biases do seem to persist, there is marked variation. Studies of attention and emotion perception have found reasonably consistent biases. For example, Atchley et al (2003) showed negatively biased processing of information in remitted depressed participants, whereas controls were positively biased. Joormann and Gotlib (2007) showed a similar pattern of biases using a dot-probe task with happy and sad faces. Bhagwagar et al (2004) reported that remitted patients showed greater recognition of fearful faces compared with controls, and Leppanen et al (2004) showed impairment in identifying neutral faces, similar to that seen in currently depressed patients. Our own unpublished data suggest increased recognition of negative face emotion in remitted patients due to altered response biases rather than discrimination. Other studies have found that remitted individuals display negative biases specifically in the context of a further manipulation. For example, negative biases in attention (McCabe et al, 2000) and emotional memory (Teasdale and Dent, 1987; Hedlund and Rude, 1995; Timbremont and Braet, 2004; Ramel et al, 2007) have been observed in remitted depression if a negative mood state is induced. Negative biases in remitted patients suggest that these effects may represent trait vulnerability rather than a statedependent phenomenon. However, findings in remitted patients could also reflect a 'scar' due to previous depression. Studies in never-depressed individuals at high risk provide support both for the former position from recent evidence finding negative processing biases (Chan et al, 2007; Joormann and Gotlib, 2007) and for the latter from no evidence of altered face emotion recognition accuracy (Le Masurier et al, 2007; Mannie et al, 2007) , although these two studies did report subtle alterations in response latency. Studies in first-episode patients also offer some support for trait vulnerability; eg, adolescents with recent first-episode depression also show altered attentional biases (Kyte et al, 2005) . This is an area that warrants further investigation as it has implications both for the mechanisms involved and for preventative interventions.
Summary
Behavioral studies of affective cognition in depression suggest that in a context of generalized performance deficits, negative biases can be observed in emotion categorization and bias tasks. These biases may manifest themselves as a frank bias toward negative material or an absence of a more positive bias observed in controls. It has been argued that these deficits at the interface between affect and cognition may be more specific to depression than generalized performance deficits (Clark et al, 2009; Chamberlain and Sahakian, 2006) and may represent an important target for treatment (Clark et al, 2009; Harmer et al, 2010) . This account is in keeping with the importance of moral emotions in the pathophysiology of depression. Emotions such as guilt and shame are fundamentally cognitive emotions depending on cognitive modulation of basic emotional responses.
NEUROIMAGING OF AFFECTIVE COGNITION IN MOOD DISORDER
Processing Emotional Images
There have been relatively few studies using emotional IAPS pictures with fMRI in depression. For example, Wagner et al (2004) reported enhanced hippocampal response to positive pictures and enhanced amygdala, OFC, and PFC responses to negative pictures in patients. In the context of a treatment study, Davidson et al (2003) reported reduced insula and ACC responses to negative pictures in patients compared with controls, consistent with a finding of reduced ACC response to sad films (Beauregard et al, 1998) . A different pattern of responses was reported by Anand et al (2005) who reported increased activation of ACC, insula, and parahippocampal areas in response to negative pictures in patients, as well as decreased corticolimbic connectivity. Lee et al (2008) reported reduced activity in the right hippocampus and right insula to negative pictures, and reduced activity in the right ACC and left insula to positive pictures. Severity of depression correlated with responses to negative pictures, with no correlation for positive pictures. Clearly, there are marked discrepancies between studies which may reflect differences in patient characteristics or paradigms. Evidence that task factors may be critical comes from a recent study indicating that responses to emotional pictures are differentially modulated by expectation in depressed patients compared with controls ).
There have also been a number of studies looking at perception of emotional valence in words. Siegle et al (2002 Siegle et al ( , 2006 Siegle et al ( , 2007 used self-referential emotional words and found that amygdala response to negative words was both increased and sustained for significantly longer in ....................................................................................................................................................... depressed patients compared with controls. Kumari et al (2003) used combined pictures and sentences to create a positive, negative, or neutral message. In response to negative (compared with neutral) stimuli, they found that treatment-resistant depressed patients showed decreased response in the ACC. For positive stimuli, patients showed decreased response in the left medial frontal gyrus/ACC and hippocampus.
Face Processing
Neuronal responses to emotional faces in depression have been extensively studied. Some fMRI studies have reported enhanced amygdala response to faces in patients relative to controls (Sheline et al, 2001; Fu et al, 2004; Surguladze et al, 2005; Fu et al, 2008a, b) , but others have failed to replicate this finding (Gotlib et al, 2005; Keedwell et al, 2005; Dannlowski et al, 2007; Lee et al, 2008) and one study (Lawrence et al, 2004) reported reduced amygdala response to emotional faces in depression. These studies also report group differences in a range of other areas, including the hippocampus, hippocampal gyrus, cingulate gyrus, insula, fusiform gyrus, caudate, thalamus, ventral striatum and frontal, and parietal and temporal regions, using happy, sad, and fearful faces. However, the regions reported for each emotion, and the direction of group differences, vary from study to study. These inconsistencies may be partly attributable to methodological factors such as overt compared with covert presentation, and whether backward masking is used (Sheline et al, 2001; Dannlowski et al, 2007) . Medication status may also be a significant confound, with some studies using medicated participants (Lawrence et al, 2004; Fu et al, 2008a, b; Gotlib et al, 2005) , some unmedicated (Sheline et al, 2001; Fu et al, 2004 Surguladze et al, 2005) , and some mixed medication status (Gotlib et al, 2005; Keedwell et al, 2005; Lee et al, 2008) .
Affective Biases
Versions of the face emotion recognition paradigm incorporating a memory component have also been developed. Roberson-Nay et al (2006) compared neural responses to faces that were subsequently remembered to those that were forgotten. They found that although depressed participants exhibited poorer memory overall, they showed greater left amygdala activation in response to faces (regardless of emotion) that they subsequently remembered than to those they forgot. This suggests that the depth of processing may be a critical factor in determining neuronal response. By contrast, Hamilton and Gotlib (2008) reported that depressed patients showed enhanced right amygdala activity to negative but not positive emotional pictures that were subsequently remembered, as well as enhanced connectivity with the hippocampus. Memory for negative pictures was also enhanced. In spite of the discrepancies between these studies, both are consistent with a hypothesis that amygdala hyperactivity at encoding could be a basis for negatively biased memory. More generally, Phillips et al (2003) argued that limbic overactivity during initial evaluation of emotional stimuli, combined with a failure of cortical control (reflected by prefrontal hypoactivity), cause negative biases observed in depression.
Neuroimaging has also been used to assess the neuronal basis of negative attentional biases. Mitterschiffthaler et al (2003) used an emotional Stroop task and showed that behavioral bias toward negative stimuli in anhedonic patients was associated with enhanced ACC response. Similarly, Elliott et al (2002) reported increased ventral ACC response to sad targets and decreased response to happy targets in an affective Go/No-Go task in depressed patients, the reverse of the pattern observed in controls (see Figure 3) . In this task, sad distracters were associated with enhanced OFC response in depressed patients, which we interpreted as reflecting the inability to inhibit instinctive responses to mood-congruent information. Enhanced inferior frontal responses associated with the inability to disengage from sad material have also been observed by Wang et al (2008) and Dichter et al (2009) . Biases of attention may reflect either impairments of top-down cognitive control over affective responses or enhanced bottom-up responses to affective stimuli (or potentially a combination of the two). Our findings (Elliott et al, 2002) tentatively suggest that both mechanisms may be involved at a neuronal level in depression. Fales et al (2008) addressed this issue explicitly using an attentional interference task with emotional distracters to test for top-down vs bottom-up dysfunction. Depressed patients showed enhanced amygdala response to unattended fear-related stimuli. By contrast, control participants showed increased activity in the right DLPFC when actively ignoring fear stimuli, which patients with depression did not show. These results provide empirical support for the theory that both top-down and bottom-up mechanisms are important in attentional biases in depression.
Social and Moral Emotion
The frontopolar and subgenual cingulate cortex, which have been linked to the experience of guilt in healthy participants (see above), are important nodes in a network of brain regions that have been implicated in the pathogenesis of major depression (Seminowicz et al, 2004; Ebert and Ebmeier, 1996; Drevets and Savitz, 2008; Mayberg, 2007) . However, to our knowledge, studies directly investigating the neural correlates of these specific moral emotions in patients with major depression are lacking so far.
Connectivity/Neuronal Models of Affective Cognition in Mood Disorder
In spite of the complexities of the literature on neuroimaging affective cognition in depression, it is clear that structures involved in normal affective cognition are functionally abnormal in depression. Disrupted responses of limbic regions, particularly the amygdala, have been associated with biases observed in depressed patients toward negative information, and the ventral ACC and other ventromedial regions represent an important neural interface between cognitive and emotional processing. Disrupted cortico-limbic circuits, with a key modulating function for the ventral ACC, may explain both emotional biases and cognitive deficits in depression, as suggested in an influential model initially proposed by Mayberg (1997 Mayberg ( , 1999 . This model has subsequently been developed and shown to have value in both diagnosis and prediction of treatment response (Mayberg, 2002 (Mayberg, , 2003 Ressler and Mayberg, 2007 ) (see Figure 4 ). Network models of depression can be tested explicitly using connectivity analyses. Several studies have explored functional coupling of the amygdala and prefrontal regions (Johnstone et al, 2007; Siegle et al, 2007; Chen et al, 2008; Matthews et al, 2008) . Matthews et al (2008) reported reduced functional coupling of the amygdala and supragenual ACC during emotion processing that increased with severity of depression. A more comprehensive approach to connectivity is to use techniques such as structural equation modeling and dynamic causal modeling (DCM) to explore changes in a prespecified network of regions. Using this approach, we observed abnormal connectivity associated with sad face processing in remitted depression (Goulden et al, 2010) . Almeida et al (2009) reported disrupted OFC-amygdala connectivity in response to happy faces and a nonsignificant trend toward the same effect of sad faces. Frodl et al (2010) reported reduced OFC connectivity during emotional processing in never-medicated patients. Although there is a need for considerable further research, it seems that connectivity analysis exploring functional disruption within emotional networks may provide a crucial tool for exploring the affective-cognitive interface in depression.
Neuroimaging of Affective Cognition in Remitted Depression and Vulnerable Individuals
Despite the growing literature highlighting persistent emotional biases in remitted depression, relatively few studies have investigated the neural correlates of these findings. Liotti et al (2000) demonstrated that when a sad mood was induced, rCBF changes in remitted depressed participants were similar to those seen in current depression, with decreases observed in the medial OFC, extending to the anterior medial PFC, and the anterior thalamus, and increases in the VLPFC and lateral OFC. ....................................................................................................................................................... found a similar pattern of results in unmedicated remitted participants, indicating that these results cannot be explained as medication effects. Ramel et al (2007) also used sad mood induction and found that although sad, amygdala response to negative self-referential words predicted the subsequent proportion of negative words recalled in remitted participants. There is also neuroimaging evidence for persistent abnormalities in depression even in the absence of induced depressed mood. Neumeister et al (2006) demonstrated rCBF to be enhanced in the amygdala and reduced in the left ventral striatum in remitted participants viewing sad faces.
Deficits in remitted depression are suggestive of trait vulnerability; however, it is also possible that the deficits represent a 'scarring' effect of acute depressive episodes. Studies with never-depressed subjects at high risk are helpful in clarifying this issue. Van der Veen et al (2007) and Monk et al (2008) have reported abnormal amygdala responses to negative facial expression in people at risk of depression on the basis of family history. Similarly, people vulnerable to depression through the personality trait of neuroticism show enhanced amygdala responses to fearful faces (Chan et al, 2009) , disrupted coupling of the amygdala and ACC in response to emotional faces (Cremers et al, 2010) , and abnormal patterns of the ACC response during categorization and memory of negative words (Chan et al, 2008) . Recent data from our research suggest that personality traits conveying vulnerability (rumination) may interact with depression history to produce traitrelated changes in limbic responses to emotional faces (Thomas, 2009 ).
ROLE OF MONOAMINES IN AFFECTIVE COGNITION
Role of Monoamines in Affective Disturbance
Introduction: rationale for focus on 5-HT. Nearly all commonly used antidepressant drugs work by enhancing 5-HT neurotransmission. No new principle of action has emerged in the half century since they were discovered: monoamine oxidase inhibitors in 1952 and monoamine reuptake inhibitors in 1957. Early drugs had many pharmacological actions causing side effects and this led to the development of selective serotonin reuptake inhibitors (SSRIs), which are now the most widely used antidepressants. That SSRIs function by enhancing synaptic 5-HT availability was decisively established by the technique of acute tryptophan depletion (ATD). This ingenious experimental method involves administration of an aminoacid drink without the essential amino-acid precursor of 5-HT, tryptophan, and typically leads to a 70-90% reduction in plasma tryptophan concentration over the next 4-6 h which results in reduced CNS 5-HT synthesis, turnover, and neurotransmission (Hood et al, 2005) . ATD in patients recently recovered from depression induces a relapse of symptoms (Delgado et al, 1994; Ruhe et al, 2007) . Importantly, ATD reinstates the depressive cognitions and preoccupations that characterized their illnesses rather than imposing a different depressive experience. ATD is much less effective in inducing depressed mood once recovery is established for several months, and it has little effect on mood in healthy people with no familial risk or previous history of depression (Ruhe et al, 2007) . However, as reviewed below, ATD can induce changes in emotional processing without overt mood change. These findings lead to three inferences: (1) SSRIs induce recovery by enhancing 5-HT function; (2) impaired 5-HT function may not be a sufficient condition for depression, implicating other vulnerability factors; and (3) Perhaps the most consistent abnormality was reduced circulating concentrations of tryptophan. In the 1980s, neuroendocrine drug challenge techniques were developed in which peripheral hormone responses to administration of drugs with known central actions were used as a measure of dynamic CNS (hypothalamic) transmitter function. Intravenous citalopram (an SSRI) and tryptophan challenge were found reasonably consistently to evoke reduced prolactin and growth hormone responses in depressives compared with controls (Cowen and Charig, 1987; Deakin et al, 1990; Price et al, 1991 , Kapitany et al, 1999 . These drugs both act through presynaptic 5-HT neurons and this would be compatible with impaired 5-HT neuronal function in depression.
Hopes that in vivo direct quantification of 5-HT receptors and uptake sites using positron emission tomography (PET) would pinpoint that the mechanisms of impaired 5-HT function in depression have not yet been realized, with no clear consensus from studies so far. Some studies have reported a higher density of transporters in depressed patients (Cannon et al, 2007) , whereas others have reported lower density (Selvaraj et al, 2010) . A recent series of studies (Meyer et al, 2006) have suggested a possible resolution to these discrepancies by arguing that impaired 5-HT function in depression may come about through depletion of synaptic 5-HT by increased amounts of the intraneuronal enzyme mono-amine oxidase A. The authors have evolved a novel conceptual reorientation (the advanced monoamine hypothesis) that the density of monoamine transporters modulates the degree to which synaptic monoamines, through the reuptake mechanism, are exposed to increased intraneuronal MAO. Further testing of this hypothesis is required. Regardless of these debates, it is clear from PET studies that 5-HT function is disturbed in depression. There is also clear evidence that 5-HT function in depression is related to affective cognition. A number of PET studies in depression and healthy controls report associations of 5-HT biomarkers with affective cognition. For example, levels of 5-HT 2A and 5-HT transporter (5-HTT) binding were found to be positively correlated with scores on the DAS (Meyer et al, 2003 (Meyer et al, , 2004 Takano et al, 2007; Frokjaer et al, 2008; Bhagwagar et al, 2006) . The inference is that low synaptic 5HT content, caused by increased uptake and indexed by upregulated 5HT 2A receptor binding, negatively colors the perception of self, life, and the future. That this may be a surprisingly direct relationship and mediated by decreased 5-HT 2A receptor stimulation is suggested by one study in healthy volunteers in which DAS scores decreased 1 h after acute administration of fenfluramine, a drug which releases 5-HT with effects mediated by 5HT 2 receptors (Meyer et al, 2003) .
In summary, although we do not dispute that other neurotransmitters may be important, there is a sound rationale for focusing on 5-HT in modulating disturbances of affective cognition in mood disorders. Furthermore, in vivo studies of 5-HT far outnumber those of other neurotransmitters. Within the limited scope of a review, it is not possible to consider all candidate neurotransmitter mechanisms.
Investigating the Effects of 5-HT on Affective Cognition
This section is primarily concerned with the effect of experimental manipulation of 5-HT neurotransmission on affective cognition using pharmacological challenges. However, there have also been an increasing number of studies investigating the effect of 5-HT genotype on affective processing and we briefly consider them in this review. Methodological considerations that need to be taken into account in interpreting pharmacological studies are summarized in Table 1 . The most widely used technique to investigate 5-HT function has been ATD (see above), which reduces brain 5-HT neurotransmission. ATD can lead to temporary lowering of mood, which is a potential confound in studying affective processing; however, this seems confined to vulnerable individuals such as those with previous personal or family history of depression (Ruhe et al, 2007; Mendelsohn et al, 2009) . Increasing brain 5-HT function has been studied less comprehensively and is achieved by either administration of tryptophan or a serotonergic antidepressant drug, most commonly, the SSRI citalopram. A complication arises in interpreting studies using repeated administration of antidepressant drugs in which, although clinically relevant, the neurochemical effects are likely to be complex. In patient treatment studies, and owing to the uncertain neurochemical effect of repeated administration, there are also changes in mood state which alter affective processing.
5-HT Genotype and Affective Processing
The most commonly investigated 5-HT genotype has been the 5-HTT-linked promoter region (5-HTTLPR) gene which is usually reported in relation to its short (S) and long (L) alleles, although other variations exist. L alleles result in greater mRNA transcription and more active 5-HTT function (Parsey et al, 2006) and have been associated with a better treatment response to SSRI antidepressants, although discrepant findings exist (Serretti et al, 2007) .
Behaviorally, no effect of 5-HTTLPR genotype was observed on recognition of fearful faces (Marsh et al, 2006) , although an interaction with ATD was found (see below). Affective bias tasks have shown more significant effects. Compared with LL homozygous, S-allele carriers have been reported to have an increased attentional bias for anxious, but not dysphoric word stimuli (Beevers et al, 2007) , greater difficulty in disengaging from sad, happy, and fearful stimuli (Beevers et al, 2009b) , a lack of the bias toward positive affective pictures seen with LL homozygotes in a dotprobe paradigm (Fox et al, 2009) , increased selective attention toward fear-related pictures (spiders) in women (Osinsky et al, 2008) and in children, and attentional bias toward sad but not happy or angry faces, which interacted with a maternal history of depression (Gibb et al, 2009) . In contrast, a study using an eye-tracking task reported that S-allele carriers, but not LL homozygotes, had a bias away from negative toward positive scenes (Beevers et al, 2009a) . Not all studies of affective bias have reported effects; 5-HTTLPR status had no effect on an affective Go/No-Go task (Roiser et al, 2007) or verbal emotional memory (Roiser et al, 2007; Strange et al, 2008) . Similarly, a promoter polymorphism of the tryptophan hydroxylase 2 gene (TPH2), which regulates 5-HT synthesis in the brain, did not affect the primary interference outcomes in an emotional Stroop paradigm (Osinsky et al, 2009) . It is possible that intervening variables are important in determining whether effects are observed. For example, Lemogne et al (2009) reported that Sallele carrier status had no direct effect on an emotional memory task, but interacted with stressful life events to produce significant emotional biases.
In contrast to behavioral studies, fMRI has shown effects of Scarrier status on the neuronal basis of emotion recognition. S carriers have been reported to have increased amygdala activation to fearful faces or threatening stimuli in most studies, and a meta-analysis of 14 studies concluded that it might account for up to 10% of the variance (Munafo et al, 2008) . In studies published since the meta-analysis, there have been further positive (Furmark et al, 2009; Lau et al, 2009; Williams et al, 2009 ) but also negative (Demaree et al, 2009; Friedel et al, 2009) findings. Polymorphisms of the TPH2 gene have been reported to have independent (Brown et al, 2005; Canli et al, 2005) and additive effects with the 5-HTTLPR genotype (Canli et al, 2008; Furmark et al, 2009 ) on amygdala activation. A further study has found increased activation for sad faces with the TPH1 gene A218C polymorphism (Lee et al, 2009 ). Finally, a common functional polymorphism of the 5-HT 1A gene has ............................................................................................................................................................. been associated with decreased amygdala response to angry and fearful faces (Fakra et al, 2009) . In connectivity studies, the S allele has been associated with increased medial prefrontal-amygdala connectivity to negative pictures (Friedel et al, 2009) , weaker coupling between the perigenual cingulate and amygdala to fearful and angry faces (Pezawas et al, 2005) , and greater functional connectivity between the right amygdala and the fusiform gyrus and the right fusiform gyrus and the right VLPFC to fearful faces (Surguladze et al, 2008) .
In summary, there is an impressive weight of evidence to support altered affective cognition with 5-HT genotypes. In behavioral studies, the S allele of 5-HTTLPR appears to be linked to altered affective bias, whereas the balance of fMRI evidence suggests increased amygdala reactivity to perception of negative emotional stimuli and altered connectivity. These studies provide strong support for 5-HT neuronal makeup influencing affective cognition, presumably through developmental influences, although discrepancies between studies suggest that intervening variables such as life stress may also be crucial. It is also important to recognize that genotype does not seem to affect 5-HTT availability (Parsey et al, 2006) and is not a measure of dynamic 5-HT function for which studies of 5-HT manipulation are required.
The Effect of Manipulating 5-HT on Affective Cognition: Behavioral Studies
A recent systematic review including 66 studies on the effects on cognitive function of decreasing central 5-HT
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• Medication status function with ATD concluded that there were only very modest effects on tests of 'cold' cognition (ie, tests requiring cognitive evaluation of stimuli without emotional content; Mendelsohn et al, 2009) . Given the role of 5-HT in affective disorder, and the effects of 5-HT genotype on affective cognition, it is plausible that affective (or 'hot') cognitive tasks may be more sensitive to 5-HT manipulation.
Findings in healthy volunteers: processing emotional images and faces. Recognition of emotion in pictures has not been widely studied; one study found no effect of combined decreasing of plasma tryptophan, phenylalanine, and tyrosine on valence or arousal ratings of IAPS in female volunteers (Hughes et al, 2004 ) and a further study requiring participants to choose between different intensities of an emotion without explicitly identifying the emotion found no effect of ATD (van der Veen et al, 2007) . Behavioral studies of face emotion recognition have used face emotions presented at differing degrees of intensity. Most studies of 5-HT manipulations find some effect but the picture is not fully consistent, reflecting several factors, including a pharmacological mode of action. Of three studies using ATD to decrease 5-HT function, two found a decrease in fear recognition with no effect on recognizing other emotions; in one study, it occurred in females but not males (Harmer et al, 2003c) and the other only in S-allele carriers of the 5-HTT (Marsh et al, 2006) . The other study, using low-dose ATD, found no effect on fear recognition but an increase in happiness recognition (Hayward et al, 2005) . Increasing 5-HT function acutely in five studies of healthy volunteers from the same group in Oxford, using a single dose of tryptophan or citalopram, increased fear recognition in four studies (Attenburrow et al, 2003; Bhagwagar et al, 2004; Browning et al, 2007; Harmer et al, 2003a) but not in the fifth (Murphy et al, 2009a) . In three of the studies, there was also an increase in recognition of happiness (Attenburrow et al, 2003; Harmer et al, 2003a; Murphy et al, 2009a) .
Drugs with more complex effects at 5-HT receptors, as well as other neurotransmitter receptors, have also been studied. Duloxetine, which inhibits both 5-HT and noradrenaline reuptake, failed to increase fear recognition , but increases in happiness and disgust recognition were found. Acute treatment with the antidepressant mirtazapine, which has multiple effects on 5-HT and noradrenaline function, decreased rather than increased fear recognition with no effect on other emotions (Arnone et al, 2009) . It is possible that noradrenergic effects with duloxetine and mirtazapine, or 5-HT 2 receptor blockade with mirtazapine, might partly explain the discrepant results. Finally, acute treatment with the 5-HT 3 antagonist, ondansetron, failed to alter face emotion recognition (Harmer et al, 2006b) , potentially suggesting that this receptor is of limited importance in this context. Chronic administration of 5-HT manipulations in healthy volunteers has been undertaken much more rarely. Repeated administration of tryptophan (Murphy et al, 2006 ) decreased recognition of disgust but increased recognition of happiness. Repeated citalopram decreased recognition of disgust, surprise, and fear. As discussed above, adaptive effects after repeated drug administration preclude a simple interpretation.
Findings in healthy volunteers: emotional memory bias. A series of studies from the Oxford group have used an emotional categorization task requiring identification of self-referential trait adjectives as positive or negative and then having a surprise memory recall test after a short delay. The main outcomes are speed of categorization and correct recall related to valence. No effects of increasing 5-HT function were found using a single dose of citalopram (Browning et al, 2007) , subchronic tryptophan (Murphy et al, 2006) , or acute duloxetine , although with duloxetine, there were more falsely remembered (intrusive) positive words. 5-HT 3 antagonism with ondansetron also had no effect (Harmer et al, 2006b ), but a single dose of mirtazapine did increase the proportion of positive items recalled (Arnone et al, 2009) , possibly attributable to its noradrenergic effects as a similar result was found with acute reboxetine, an antidepressant which blocks noradrenaline reuptake (Harmer et al, 2003b) . Consistent with these generally negative findings, ATD had no effect in a similar task studying selective recall of emotional words . However, in another study, ATD resulted in slightly fewer positive words being recognized in a memory task in which participants had to assign positive or negative feelings to neutral words during encoding (van der . Two studies investigated repeated administration of serotonergic agents on the emotion categorization task from the Oxford group found no effect of a week of tryptophan treatment (Murphy et al, 2006) , but 7 days of citalopram treatment resulted in a trend to faster categorization and an increase in the recall of positive compared with negative traits. The lack of effect of acute 5-HT manipulation or repeated tryptophan administration suggests that secondary adaptive effects, not necessarily involving 5-HT, might be involved in the effects of citalopram in the latter study.
These predominantly negative studies all used short delays before recall, and the situation may be different with longer delays during which memory decay occurs. In one study using an affective version of the Rey Auditory Verbal Learning Test, there was generally impaired recall under ATD, most strongly for neutral words after 30 min, but after 18 h, there was less forgetting of negative compared with positive and neutral words (Klaassen et al, 2002) . Using the Cahill task, we similarly found participants who received ATD had generally impaired recall after 1 week but with relative sparing of unpleasant compared with neutral scenes (Richell and Anderson, 2001) . Therefore, one possibility is that shorter-term emotional memory is not greatly influenced by 5-HT, but the rate of memory decay for negative information over longer periods is more sensitive. This may ....................................................................................................................................................... have relevance for relative sparing of memory for past negative events seen in depression.
Findings in healthy volunteers: attentional bias. Three studies using the emotional Stroop found no effect of ATD or combined tryptophan, phenylalanine, and tyrosine depletion on reaction times Hughes et al, 2004; Munafo et al, 2006) . Although one study reported that ATD increased errors on negative words in those without, but not with, a family history of depression . Similarly four out of five studies found no overall effect of ATD on reaction times in the affective Go/No-Go task (Firk and Markus, 2008; Robinson and Sahakian, 2009; Roiser et al, 2008; Rubinsztein et al, 2001) ; one study did find that ATD prevented the baseline faster reaction times to happy targets, consistent with a negative bias caused by ATD (Murphy et al, 2002) . Two of the overall negative studies found subtle effects; slower responses to happy targets with ATD in those with a positive family history of depression (Firk and Markus, 2008) and a reduction by ATD of commission errors to happy distractors (Robinson and Sahakian, 2009 ). In a dot-probe paradigm, citalopram decreased the reaction time when the probe replaced a positive rather than neutral word which was not seen on placebo, although no effect was seen with negative words (Browning et al, 2007) . Using a similar task, but with fearful, happy, and neutral faces, 7 days of citalopram treatment had no effect on reaction times associated with happy compared with neutral faces but abolished the bias toward fearful faces (measured by faster reaction times) seen on placebo (Murphy et al, 2009b) .
In summary, in healthy volunteers, there is a possible acute facilitatory effect of 5-HT on fear recognition, and less consistently happiness recognition, in women; the effect in men is less clear. The effect of chronic treatment with 5-HT agents may result in different alterations in emotion recognition compared with acute manipulations, shifting the balance toward positive and away from negative emotions. 5-HT does not seem to selectively alter shortterm encoding or recall of emotional material but may facilitate longer-term forgetting of negative events. The balance of evidence suggests that 5-HT has a subtle role in affective cognition; further research is required to characterize these effects more fully and disambiguate effects at different receptors.
Findings in patients.
There have been few behavioral studies in patients. Patients with GAD had increased negative bias to ambiguous homophones compared with controls which decreased with SSRI treatment (Mogg et al, 2004) ; the change in bias correlated with clinical improvement suggesting a mood rather than pharmacological effect. A mood effect is consistent with the lack of effect of citalopram in healthy volunteers (see above). We found increases in both negative and positive face emotion recognition after 6 weeks treatment in depressed patients randomized to citalopram or reboxetine (Tranter et al, 2009 ); none of these changes correlated with clinical outcome and there was no difference between drugs. However, patients tended to improve more on citalopram and improvement in recognition of happiness at 2 weeks predicted clinical outcome at 6 weeks, accounting for 21% of the variance. The lack of a control group makes interpretation difficult, but, consistent with the literature, we found that drug-free patients show decreased discrimination of face emotions, which was not present in those on antidepressants (IMA unpublished data). This supports there being independent mood and drug effects on face emotion recognition.
Findings in remitted patients. Bhagwagar et al (2004) found that drug-free remitted depressed women had more accurate recognition of fearful faces, but not other emotions, compared with controls and this decreased ('normalized') after a single dose of citalopram, opposite to the increased recognition seen in controls (discussed above). In partial support of this, we also found an increase in bias to identification of face emotions (but not confined to fear) in unmedicated individuals with remitted depression, which was not present in those on antidepressants (IMA unpublished data). However, in direct contrast, a study in medicated remitted depressed patients (without a control group) found that decreasing 5-HT function with high-dose, compared with low-dose, ATD selectively decreased fear recognition (as has been found in healthy controls) (Merens et al, 2008) . In the same study, there was no effect of ATD at either dose on an affective Go/No-Go task or an emotional implicit association task. Roiser et al (2009) also reported no effect of ATD on the affective Go/ No-Go task. A study using an emotional Stroop task in medicated and unmedicated remitted depressed patients found that there was no effect of low-dose ATD on mood or emotional Stroop interference in unmedicated participants (or controls) but slower color naming of negative words compared with neutral words in remitted depressed patients on antidepressants (Munafo et al, 2006) . However, the slight increase seen in depressed mood in the latter group is a potential confound.
In summary, affective cognition seems to 'normalize' with antidepressant treatment in depressed and anxious patients, but the role of 5-HT in these improvements is not clear. The limited evidence broadly suggests that remitted depressed patients may not differ from controls in 5-HT modulation of affective processing biases. amygdala fMRI activation in an emotion face matching task (Rhodes et al, 2007) . Other studies, using the same task, have found that dorsal raphe nucleus 5-HT 1A autoreceptorbinding potential, measured with [ 11 C] WAY100635, correlated inversely with bilateral amygdala fMRI activation and that medial PFC (mPFC) 5-HT 2A receptor density, measured using [
18 F]-altanserin, correlated negatively with right amygdala fMRI activity and positively with mPFC-amygdala functional coupling . These data, along with the genetic data described above, support a role for 5-HT neurons in modulating amygdala reactivity to emotional stimuli but cannot directly determine the functional dynamic effects of 5-HT.
To address this question, studies have used modulation pharmaco-MRI , exploring the effects of a 5-HT manipulation on functional response to emotion recognition. Results of these studies are difficult to synthesize into a simple story. With ATD, an increase in right amygdala activation to emotional faces irrespective of valence has been found in two studies (Fusar-Poli et al, 2007; van der Veen et al, 2007) but decreased left amygdala activation was found in one of these (Fusar-Poli et al, 2007) . A third study reported no effect (Cools et al, 2005) , but did find an interaction between the personality trait of threat sensitivity and positive modulation by ATD of right amygdala activation. Studies acutely enhancing 5-HT function with citalopram have found decreased amygdala responses to negative compared with neutral faces Del-Ben et al, 2005; Murphy et al, 2009a) , but increased activation comparing faces (emotional and neutral) and a sensorimotor control task (Bigos et al, 2008) . A study using unpleasant compared with pleasant pictures found that citalopram decreased left amygdala activation (Takahashi et al, 2005) . Consistent effects have not been found in other brain regions, although in two studies, viewing negative emotions had opposite effects on the right VLPFC of decreasing 5-HT function with ATD and increasing it with citalopram (leading to increased and decreased activation, respectively) (Del-Ben et al, 2005; Fusar-Poli et al, 2007) .
Repeated administration of citalopram or escitalopram for 1-3 weeks has been reported to decrease amygdala activation to fearful faces in two studies (Arce et al, 2008; Harmer et al, 2006a) , but on different sides, with no effect in a third , which instead found enhanced amygdala responses to happy faces. In one study, reduced mPFC response to fearful faces was also seen (Harmer et al, 2006a) . Therefore, for both acute and chronic 5-HT administration, there are inconsistencies in the literature. This may be partially attributable to differences in task instructions and cognitive demands that have been shown to significantly influence both amygdala and VLPFC responses (Lieberman et al, 2007) . If, as argued above, effects of 5-HT manipulations in healthy volunteers are subtle, such differences may be critical.
Findings in healthy volunteers: affective bias. A study of affective processing bias as measured by the emotional Stroop did not find any alteration in neuronal activation with ATD in women with or without a family history of depression Evers et al, 2006) . By contrast, in an elaborately analyzed study using the affective Go/NoGo task, Roiser et al (2008 Roiser et al ( , 2009 found that ATD resulted in altered responses in various areas including enhanced activation of the amygdala and hippocampus on the left and the thalamus, anterior insula, and parahippocampal gyrus on the right for emotional compared with neutral targets, whereas decreased activity was seen in the ACC. Few changes were seen between happy and sad targets.
To summarize, the imaging evidence in healthy volunteers taken as a whole supports a role for 5-HT in the neuronal basis of affective cognition, particularly emotion categorization with insufficient evidence to draw conclusions about affective bias. Inconsistencies in the literature may reflect critical differences in paradigms used, and differences between different pharmacological manipulation protocols.
Findings in patients. As discussed above, treatment studies in depressed patients are difficult to interpret because of mood improvement, adaptive effects to repeated administration of antidepressants, and order effects. Treatment with the dual serotonin and noradrenaline reuptake inhibitor venlafaxine (Davidson et al, 2003) led to increased activation in the left insula cortex within 2 weeks in depressed patients compared with a decrease over time seen in controls when viewing negative relative to neutral pictures with a similar pattern seen by 8 weeks in the ACC. Although patients had lower activation of the ACC at baseline compared with controls, those with relatively greater activation had better symptomatic outcomes at 8 weeks. Fu et al (2004 treated depressed subjects with fluoxetine for 8 weeks with administration of an implicit face emotion fMRI task before and at the end of treatment with controls scanned at the same interval. Results are reported in separate publications for sad vs neutral faces (Fu et al, 2004) and for happy vs neutral faces . At baseline, patients had increased activation compared with controls to sad faces in a range of areas including the amygdala, hippocampus, caudate, insula, and ACC with no difference seen for happy faces. Patients had an increased dynamic range (the difference in activation between low-and high-intensity emotion) in the ACC and decreased dynamic range in the lateral PFC to sad faces, and a decreased dynamic range to happy faces in the bilateral thalamus and hippocampus. Over time, depressed patients showed a reduction in activation to sad faces in the left amygdala, which correlated with an increase in dynamic range in the left lateral PFC. Changes in activation to happy faces with treatment occurred in the posterior cortical areas, including visual-processing regions. Symptomatic improvement was associated with reduction in dynamic range to sad faces in the pregenual ACC and an increase in activation to ....................................................................................................................................................... happy faces in the left hippocampus and extrastriate regions. Schaefer et al (2006) studied depressed patients before and after treatment with venlafaxine and controls scanned twice with an average of 22 weeks between scans. A complex pattern of neuronal changes to different emotional pictures was observed, interpreted as a bias away from processing positive social stimuli in depression which improved with treatment.
In a study of an emotion interference task requiring identity judgments of pairs of faces (Fales et al, 2009) , depressed patients showed a number of differences from controls including activating the left amygdala more than controls when fearful faces were presented as distractors, but less than controls when they were targets. After 8 weeks of treatment with various SSRIs, these differences normalized; other areas where there were significant differences between patients and controls did not show significant changes over time in patients, except for a decreased activation to fearful face distractors in the right DLPFC which increased with treatment. Recent evidence suggests that connectivity changes may underpin treatment effects on affective cognition. Chen et al (2008) described increased amygdala-ACC coupling during face emotion recognition as symptom severity reduced in response to antidepressant treatment.
In none of these studies is it possible to tease out pharmacological from mood-dependent changes in affective processing, given the lack of placebo treatment of patients or drug treatment of controls. As discussed above, remitted depressed patients offer an opportunity to investigate trait/scar differences in depression while minimizing mood confounds. In a study using an affective Go/No-Go task, the effect of decreasing 5-HT function using ATD was compared in drugfree remitted depressed women and controls (Roiser et al, 2009) . Remitted depressed subjects differed significantly from controls with no increase in activation to emotional compared with neutral targets but an increased, rather than decreased, response to emotional distractors in the dorsal ACC. This area has been implicated in adjustment to conflict and error correction and may suggest altered 5-HT control of neurons in the region in response to extraneous emotional information. Further studies are required in remitted patients and in those vulnerable to depression to identify which aspects of affective processing may be sensitive to 5-HT manipulations.
Summary 5-HT effects on affective function in healthy controls are subtle at a behavioral level and seem to depend critically on both the exact manipulation and the task used. fMRI results more consistently support the view that 5-HT modulation affects normal affective cognition, indicating that there may be neuronal changes in the absence of measurable performance effects. Both behavioral and fMRI results broadly support an effect of 5-HT manipulation on affective cognition in depression; however; these results are typically confounded by changes in the depressed state in response to 5-HT modulation. Most frequently, studies using tasks involving the perception or recognition of face emotions have been used and the results are summarized in Table 2 , illustrating limitations and gaps in the data set.
CONCLUSIONS
In this review, we considered affective cognition, its disruption in depression, and the possible modulatory role of 5-HT. Given the large and ever-increasing literature in this area, we had to be selective but the evidence that we reviewed leads to certain important conclusions.
The neuronal basis of affective cognition depends on a network of brain regions. Neuropsychological studies highlight roles of the amygdala (particularly in the recognition of emotion and emotional memory) and VMPFC (particularly in social and moral emotions). The neuroimaging literature in healthy volunteers confirms the importance of these regions as part of a wider network also including the hippocampus, parahippocampal gyrus, temporal cortices, insula, ACC, and other medial and ventral prefrontal regions. The pattern of responses within these networks is dependent on specific emotions, with more emphasis on limbic regions for basic emotions, such as fear, and with more emphasis on medial prefrontal regions for complex emotions, such as guilt. The pattern also depends on task demands, with emotion perception tasks preferentially engaging posterior and subcortical components of the network and prefrontal regions becoming more involved as more integration with cognitive processes is required. Influential models of affective processing have been proposed, involving a posterior/subcortical system for emotion perception and a prefrontal system exerting regulatory control (Ochsner and Gross, 2005; Phillips et al, 2003 Phillips et al, , 2008 . Although we have not discussed reward learning or emotional decision making in this study, similar models can be derived to describe these processes (Dolan, 2007) . Such interconnected models of affective cognition allow for both top-down control of emotional response by cognitive mechanisms and bottom-up biases of cognitive processing by emotional appraisal; however, affective cognition may ultimately be better explained by a more integrative model. Inconsistencies and gaps in the current literature must be addressed before a comprehensive model can be confidently proposed.
The interface between emotion and cognition is fundamentally important in understanding mood disorder. We have described the clinical relevance of cognitive emotions such as guilt and shame and also the possible specificity of deficits in affective cognition to depression. In broad terms, depressed patients show biases toward negative material and/or away from positive material relative to controls. These biases cut across cognitive domains, being observed for recognition, attention, and memory. Neuroimaging studies suggest that these biases have an identifiable neuronal basis. Although the pattern of results is complex, there is general support for the view that disturbances of affective cognition are associated with imbalances in limbiccortical circuitry. Phillips et al (2003 Phillips et al ( , 2008 argued that emotional stimuli elicit heightened responses in limbic regions including the amygdala and that hypo-response in prefrontal regions reflects a failure of cortical systems to regulate emotional responses. Various iterations of Helen Mayberg's influential model emphasize enhanced amygdala response to emotional stimuli in the depressed state that normalizes on recovery. Critically, she places the subgenual ACC at the epicenter of the dysfunctional network, hypothesizing a critical role for this region in emotion regulation (Ressler and Mayberg, 2007) and demonstrates that in treatment-resistant patients, deep brain stimulation in this region causes dramatic symptom improvement (Mayberg et al, 2005; Mayberg, 2009) . A central role for the subgenual ACC is interesting in the context of the moral emotion literature we have reviewed, suggesting that this region mediates self-blame, which is an important symptom of depression. Exciting recent research suggests that connectivity between the amygdala and ventral ACC, as well as the OFC, may be a critical substrate of disrupted affective cognition in depression.
We explored the possible role of 5-HT in modulating affective cognition and its disruption in depression. The results are complex and equivocal at times. Both behavioral and neuronal effects in controls are subtle and inconsistent, whereas in depressed patients, results are difficult to interpret in the context of effects of 5-HT manipulation on depressed mood. Overall, the evidence offers some support for serotonergic modulation of affective cognition. However, a number of intervening factors may be critical, including current mood, personality traits, gender, and genotype, all of which have been shown to interact with 5-HT effects. Task selection may also be crucial; eg, we reviewed 5-HT effects on long-term forgetting of emotional material rather than short-term recall, and effects on reaction times rather than response accuracy. Improved understanding of the complex relationships between 5-HT, mood, and affective cognition is critical for developing effective therapies for depression.
FUTURE RESEARCH DIRECTIONS
Developing Paradigms
Reviewing the literature on affective cognition, particularly in the context of 5-HT manipulation, highlights not only the gaps in our knowledge, but also the difficulty in interpreting and comparing studies. This is due to a lack of agreed and standardized tasks and, even when the same task is used, there is no specification of the primary outcome variable and a strong tendency to find and overinterpret secondary measures. It has long been agreed that this is not acceptable in clinical trials because of the danger of false positives, overestimates of effect size and bias, and we suggest that it is time to consider how this could be brought into the 
Characterizing Patients: Vulnerability and Remission
Just as there is a lack of standardization of tasks, there are also marked inconsistencies in patients recruited by different studies. This is true of currently depressed patients, who may have widely differing levels of severity and medication status, of remitted patients, who may have been remitted for different lengths of time and have different levels of ongoing treatment, and of premorbidly vulnerable individuals, who may be vulnerable on the basis of family history, personality, or genotype. Although it is essential to study all of these groups to obtain a complete picture, more systematic exploration of these differences is required and studies do not always provide (or have available) the information to make important cross-study comparisons. Again, it may be valuable to consider a standard shared set of measures, including genotyping, to include across studies and make available on a common database.
Connectivity Models of Normal and Disrupted Affective Cognition
At several points in this review, we have argued that interconnected network models provide the most plausible accounts of affective cognition. Different tasks may probe different components of such models. Several models, with clear commonalities, have been proposed and rapidly advancing modeling techniques within fMRI provide a means to explicitly test these. A range of techniques are available for exploring functional and effective connectivity between brain regions (Rogers et al, 2007) . One technique currently being explored is DCM, which directly assesses functional integration across interconnected brain regions and offers a valuable method for testing connectivity hypotheses (see Daunizeau et al 2010 for a recent review). We argued that disrupted connectivity underpins disturbances of affective cognition in depression, and although DCM is a challenging technique in clinical contexts, new research suggests that it can be applied in a range of disorders providing valuable information to complement routine fMRI results (Rowe et al, 2010; Almeida et al, 2009; Schlosser et al, 2008 Schlosser et al, , 2010 Goulden et al, 2010) . DCM also offers the potential to explore modulatory effects of pharmacological interventions on connectivity (Goulden, 2010) .
Biomarkers for Treatment Evaluation
We along with others (Harmer et al, 2010; Clark et al, 2009) have argued that disrupted affective cognition mediated by disrupted amygdala/medial prefrontal function may be an important biomarker for depression. This has important implications for treatment development. For example, Harmer et al (2010) have argued that emotional memory, assessed either behaviorally or (perhaps more robustly) by fMRI response, may represent a biomarker for effective antidepressant drug action. Nonpharmacological treatments that act on disrupted emotional circuitry are also being developed (Ressler and Mayberg, 2007) , with the notable success of deep brain stimulation offering one exciting advance (Mayberg et al, 2005; Mayberg, 2009) . Vagus nerve stimulation has also been explored as a potential approach to treatment resistant depression, and recent work suggests that this technique interferes with negative memory mediated by the ventral and medial PFC . It is also important to note that recurrence of depression is rarely systematically explored and that further work is required to elucidate the changes in neurocognitive and serotonergic functions across depressive episodes with a view to developing more longitudinal treatment strategies aimed at relapse prevention (Robinson and Sahakian, 2008) . Another approach to treatment evaluation is to explore mechanisms of effective cognitive therapies. fMRI could be used to determine whether psychological therapies work through the neurocognitive processes they target, and whether in individuals, therapy has achieved the desired effect. In this context, developing our understanding of the neuronal basis of complex moral emotions in depression is critical, as these emotions are important targets of cognitive therapy. It has been shown that neuronal responses associated with affective cognition predict response to cognitive therapy (Fu et al, 2008a, b; Costafreda et al, 2009) and exploring mechanisms of psychological treatments more directly is an obvious next step.
An ultimate aim of treatment development in depression would be to identify individuals at risk and intervene before major depression develops. Affective cognition offers a possible route toward this approach, given the evidence we have reviewed, suggesting that differences in affective cognition (both behaviorally and neuronally) may be detectable in at-risk individuals, eg, those with specific genotypes, a strong family history, significant life stress, or a combination of these factors. Establishing biomarkers of vulnerability offers the possibility of identifying people who may benefit from preemptive cognitive therapy to promote resilient patterns of affective cognition and prevent the onset of depression. 
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